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Abstract

Nuclear data users’ requirements for uncertainty data started already in the seventies, when several 

fast reactor projects did use extensively “statistical data adjustments” to meet data improvement for 

core and shielding design. However, it was only ~20-30 years later that a major effort started to 

produce scientifically based covariance data and in particular since ~2005. Most work has been done 

since then with spectacular achievements and enhanced understanding both of the uncertainty 

evaluation process and of the data utilization in V&V. This paper summarizes some key 

developments and still open challenges.

1. Introduction
During the last two decades «Nuclear Data Needs, UQ, and Assimilation" has been recognized as a 

key area for research in the nuclear energy domain with multiple motivations:

 safety margin reductions and design optimization; 

 streamline research and in particular new experiments; 

 Enhance multidisciplinary synergies among nuclear physics theoreticians, nuclear data 

evaluators, experimentalists and reactor and fuel cycle physicists.

These issues have been systematically approached and supported by NEA WPEC in the period 2005-

2017.

Despite the fact that activities on data uncertainty quantification have been performed since the (FR) 

reactor design of the seventies (see e.g. reference 1), a new revival and much more widespread 

efforts have been underway recently. However new issues have been raised or revisited, in particular 

in terms of the use of integral experiments in the evaluation and some issues are still under 

discussion, e.g.  the impact in terms of production of new a-posteriori correlations is still to be fully 

exploited, despite the potential impact on uncertainty quantification, e.g. in reactor design and 

safety case.

2. A starting point (~2005)
Data needs assessment was performed at the time of fashionable ADS, since there had been a 

multiplication of data requirements without much neither justification nor user implication.

At that time a powerful initiative, GENERATION-IV, did trigger a much wider effort in a wider area of 

innovative reactor systems.

This has been the case also for new nuclear fuel cycles and waste management issues.



In order to understand, rationalize and streamline potential needs, it was required to define target 

accuracies for most important design parameters and to verify both data uncertainties /covariance 

data and sensitivity tools availability for a meaningful SUA. 

Users were consulted and some feedback was given both by R&D organizations and even by some 

industry.

3. The first step (Subgroup 26; 2005-2008 under WPEC):
The first step to organize activity to meet the requirements was done within the OECD-NEA WPEC 

working party. There was a wide expert participation to that initiative. To perform the first 

systematic uncertainty analysis [2], not much was available in terms of data uncertainty and 

correlations and rather « provocative » uncertainty data (based on expert judgement) was initially 

used [3]. 

This initiative did trigger a large effort to assess systematically uncertainty data, see e.g. [4], [5].

Another important outcome was a first list of updated priorities for GEN-IV reactors that was

established and implemented in the High Priority Request List (HPRL) at NEA. 

Successively, new covariance data bases were actively developed and new requirements for their 

completeness were expressed.

The issue of how to meet data needs was revisited: the role of new microscopic experiments, new 

evaluations, and/or data assimilation/adjustments was again actively discussed. In general, the use of 

integral experiments was once more strongly suggested [2].

4. Next step : covariance data comparison (WPEC Subgroup 33; 2009-2013)
One objective of the Subgroup 33 was to find an international common answer to the very basic 

question: do we understand data assimilation methods? As a result, a comprehensive compilation of 

methods   was delivered [6] that did indicate that, despite different stages of development, there is 

an unambiguous understanding on the methods used in nuclear data adjustments.

A further objective was to investigate, from the point of view of the applications, the issue of how 

reliable covariance data are. First performance comparisons of different covariance data sets and of 

their impact on applications were summarized [7] and some important points were made as 

feedback to evaluators.

Finally, a comprehensive benchmark exercise to understand if adjustments, starting from different x-

section data bases and using different covariance data, do converge. Results and related analysis

were presented at ND2013 [8].

5. Next step: reliability issues (Subgroup 39; 2013 to present) 
With the availability of new covariance data, it became urgent to revisit the fundamental question of 

how reliable adjustment trends are. Stress tests performed within the group (see e.g. [9]), did once 

more point out to potential inconsistencies, if the integral data base was not carefully investigated 

and documented, in particular in terms of uncertainties, potential systematic errors and correlations.

The Subgroup did tackle the key issue of finding out methods to make the adjustment approach 

more robust, to make the best use of the information available, and to define scientific criteria in the 



selection of integral experiments, in particular to avoid compensations when modifications (i.e. 

adjustments) of cross sections of different isotope reactions were suggested. Some examples of 

methods and approaches to deal with these issues are described in [10] and in a dedicated report

[11] and are still under further development. 

As a significant example, new approaches to integral data selection were applied to a very 

comprehensive adjustment and a first large scale exercise has been presented at ND2016 [12]. New 

type of experiments, besides standard LANL and ANL criticals, were introduced in the adjustment, 

including neutron propagation experiments, variable spectrum experiments devoted to MAs and 

variable adjoint flux energy shape experiments.

Preliminary feedback was also provided (e.g. on the Fe-56 inelastic cross section) to new evaluations 

(e.g. CIELO-1, reference 13). In fact the observed C/E would require a decrease of Fe-56 inelastic with 

respect to ENDF/B-VII, while the new evaluation of the inelastic scattering cross section in CIELO-1 is 

larger, for the energy range from threshold up to 20 MeV, see figure below (Fe-56 cross sections 

from Ref. 13):

6. The future: effective feedbacks to evaluations (new Subgroup SG46): 
Most recent progress in covariance data methodologies and data production will be reported and 

discussed at this meeting. However, to make further progress towards the best use both of 

covariance data and of integral experiments for a wide range of applications, there are still a number 

of key issues:

 Improvement and extension of covariance data (cross correlations among reactions and 

among isotopes; angular distributions; secondary neutrons from inelastic scattering; photon 

production data; delayed neutron data)

 Development of methods to assess the reliability of covariance data: are there criteria 

beyond mathematics requirements? In this respect, the new Subgroup set-up at NEA (SG44 



“Investigation of Covariance Data in General Purpose Nuclear Data Libraries”), will play an 

important role.

 Definition of updated target accuracies (by combining inverse approach and integral 

experiments) for design, operation and fuel cycle parameters. Assess impact of present 

covariance data on accuracy requirements (case of Pu-239 fission)

 Clarify of the respective role of nuclear data evaluators and users in the use of integral 

experiments, in order e.g. to avoid double use of the same experiments for the same 

isotope/reaction. Definition of a widely agreed protocol for the use of integral experiments in 

evaluations.

 One issue that deserves further investigation is the understanding of how to exploit induced
(i.e. a-posteriori) correlations between nuclear data and experiments. These correlations do 
appear according to the scheme shown below:

The global “a posteriori” covariance matrix is given by:
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In that expression, the “a posteriori” cross section covariance matrix is given by:
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The above expressions indicate that the global “a posteriori” correlation matrix is fully correlated and 

a-posteriori correlations are found between the cross sections and the integral parameters.



 As far as of integral experiment optimization, i.e. selecting and prioritizing appropriate

experiments and in particular those that provide separate physics effects, it seems that this 

could be a reasonable goal for the short term. There are important issues that can easily 

benefit from new strategies and that could motivate progress: the performance or retrieval 

of past experiments related to the improvement of burn-up reactivity swing assessment [14], 

in particular for safety issues of metal fueled reactor cores; the performance/retrieval of 

experiments able to separate capture to scattering in reactivity effects both for actinides and 

fission products [15]; the performance/retrieval of n-leakage experiments from single 

material spheres for scattering data assessment [16].

 Investigate how to perform generalized adjustments to provide unambiguous feedbacks to 

nuclear data evaluators. Some approaches have been proposed (Yokoyama, Palmiotti, Pelloni 

and Ivanov, as documented in the minutes of the latest Subgroup 39 meetings) but not yet 

finalized or widely used.

 Explore the potential of the Continuous Energy Assimilation. Recent results [17] provide 

feasibility indications and open  interesting paths  

 Finally it is necessary to define without ambiguity the application domain of any adjusted 

evaluation/ library and a-posteriori covariance/correlations.

The notion of “representativity” of an experiment has been introduced [18] and used [19, 20]

in order to go beyond the simple comparison of one experiment with one specific reference 

system by means of the “similarity” of the associated sensitivity profiles SR and SE. The 

“representativity” factor rRE in the case of one experiment is given by:
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where D is the nuclear data correlation matrix. It can be shown [18] that the uncertainty on 

the reference parameter R, 2
0R is reduced by:
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If more than one experiment is available, the previous equation can be generalized. For 

example, in the case of two experiments, characterized by sensitivity matrices SE1 and SE2 the 

following expression can be derived: 
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M is the a-posteriori covariance matrix and
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These expressions can be used to plan experiments giving an optimized contribution to the 

uncertainty reduction of a reference system, but also to verify the range of applicability (in 

terms of capability to reduce significantly the uncertainties of a set of reference systems) of 

the adjustment performed.

Here too, the covariance data play a crucial role: in fact one should assess the impact on the 

“representativity” of the covariance data used.

 In order to keep track of improvements for applications, it has been suggested to quantify 

systematically the impact of new revised data on a list of selected target power reactors 

(thermal, epithermal, and fast spectrum reactors) and a range of integral parameters beyond 

keff. This list of reactors/systems and parameters should be defined as far as possible with the 

help of industry representatives (TerraPower has been a good example through its 

participation to the activities in the UQ field within WPEC [21]).

 Accounting for safety requirements, in a framework of data traceability. The cases of the Hot 

Channel Factor and the fuel assembly bowing revisited assessments or the safety margins

definition during transients in FRs, point to a renewed interest in the role of credible nuclear 

data uncertainties.

7. Experiments perspective
The progress in methodologies and the availability of improved covariance data, suggests new

“smart“integral experiments to be supported in the frame of wide international collaborations (e.g. 

the case of joint experiments on MA as proposed by the NEA Expert Group on experiments [22] in 

support both of waste management and of long burn-up reactivity swing. As indicated previously, a

very high priority should be put e.g. in experiments that enhance the separation of physics effects 

and depend on a few nuclear data as n-leakage experiments from single material spheres or

substitution reactivity experiments with different isotopic composition fuels etc.

Many experiments already available and a few more could be defined, possibly in the frame of 

international collaborations.

Moreover, it is suggested to limit the use of criticality experiments mostly as a final verification of a 

series of specific data improvements, to avoid as much as possible misleading validation results, 

related to possible compensations among modified data [23].

Finally, it seems timely to generalize the use of the « representativity » of a series of experiments

aiming to a wider range of reference applications.



8. References

1. K. Shibata et al. "Japanese Evaluated Nuclear Data Library Version 3 Revision-3: JENDL-3.3," J. 

Nucl. Sci. Technol. 39, 1125 (2002).

2. OECD/NEA WPEC Subgroup 26 Final Report: Uncertainty and Target Accuracy Assessment for 

Innovative Systems Using Recent Covariance Data Evaluations, International Evaluation Co-

operation 26, NEA/WPEC-26, OECD/NEA, Paris (2008).

3. G. Palmiotti and M. Salvatores “Proposal for Nuclear Data Covariance Matrix », JEFFDOC-

1063, January 2005

4. M. Herman et al. “COMMARA-2.0 Neutron Cross Section Covariance Library” BNL- 94830-

2011

5. P. Archier et al. “Nuclear Data Covariance Matrices Library for Reactor Applications”, Proc. 

Int. Conf. PHYSOR 2014, Kyoto, Sept. 2014

6. “Assessment of Existing Nuclear Data Adjustment Methodologies”, International Evaluation 

Cooperation, Intermediate Report of WPEC Subgroup 33, NEA/NSC/WPEC/DOC (2010)429, 

OECD/NEA, Paris, 2011

7. M. Ishikawa “Comments on Covariance Data”  see also K. Yokoyama and M. Ishikawa, “Use 

and Impact of Covariance Data in the Japanese Latest Adjusted Library ADJ2010 Based on 

JENDL-4.0,” Nuclear Data Sheets, 123, pp.97-103, (2015).

8. M. Salvatores et al., “Methods and Issues for the Combined Use of Integral Experiments and 

Covariance Data: Results of a NEA International Collaborative Study,” Nucl. Data Sheets 118, 

38 (2014).

9. Haicheng Wu, Yincan Qin, M. Salvatores, “A Stress Test on 235U(n, f) in adjustment with HCI 

and HMI benchmarks” Proc. ND2016, to be published

10. G.Palmiotti and M.Salvatores “PIA and REWIND: Two New Methodologies for Cross Section 

Adjustment” Proc. M&C 2017, Korea

11. Yokoyama, et al “Summary on methodology” NEA/NSC/WPEC/DOC (xxx)xxx, OECD/NEA, 

Paris, xxxx

12. G.Palmiotti et al “New approaches to provide feedback from nuclear and covariance data 

adjustment for effective improvement of evaluated nuclear data files” Proc. ND 2016 to be 

published

13. M. Chadwick et al “CIELO Collaboration Summary Results: International Evaluations of 

Neutron Reactions on Uranium, Plutonium, Iron, Oxygen and Hydrogen” Nucl. Data Sheets, 

to be published

14. R. Soule et al., “The Experimental Balzac Program at MASURCA in Support of the design of 

SuperPhenix 2,” Proc. of the Topical Meeting on Reactor Physics and Safety, Saratoga 

Springs, NY, USA (September 17 -19, 1986). 

15. K. Fahrmann, D. Albert, H. U. Barz, K. Dietze, W. Hansen, D. Hedderich, G. Huttel, H. Krause, 

E. Lehmann, B. Osmera, W. Vogel, “Der Einsatz des Rossendorfer Rinzonenreaktors fur 

Untersuchungen zur Physik Schneller Reaktoren”, Kernenergie, volume (25/2), pp. 464- 47, 

1984

16. Simakov S.P., Androsenko A.A. et al., “Neutron leakage spectra from U and Th spheres with 

Cf neutron source,” Report ZFK-646, Dresden, 1988

17. M. Aufiero et al “Continuous Energy Cross Section Adjustment:  a New Method to Generalize 

Nuclear Data Assimilation for a Wider Range of Applications” M&C 2017, Jeju, Korea

18. L. N. Usachev and Yu. Bobkov, INDC CCP-19/U, Int. Nucl. Data Committee, Vienna (1972)

19. G. Palmiotti and M. Salvatores, Nucl. Sci. Eng. 87, 333 (1984)

http://dx.doi.org/10.1080/18811248.2002.9715303
http://dx.doi.org/10.1080/18811248.2002.9715303


20. N. Dos Santos et al. “A global approach of the representativity concept” M&C 2013, Sun 

Valley, USA

21. Nicholas W. Touran and Jinan Yang, “SENSITIVITIES AND UNCERTAINTIES DUE TO NUCLEAR 

DATA IN A TRAVELING WAVE REACTOR”, Proc. Int. Conf. PHYSOR 2016, Sun Valley, Idaho, 

May 1-5

22. Expert Group on Improvement of Integral Experiments Data for Minor Actinide Management 

(EGIEMAM-II), NEA, 2016

23. G. Palmiotti, M. Salvatores, and G. Aliberti, “A-priori and A-posteriori Covariance Data in 

Nuclear Cross Section Adjustment: Issues and Challenges,” Nuclear Data Sheets, 123, pp.41-

50, (2015).


	3821
	3821

